In view of the widespread use of the rabbit in experimental laboratories and the scarcity of recorded instances of uterine adenoma and adenocarclnoma, it would appear that these tumors are of extremely low incidence. Polson (1) in a study of the incidence up to 1927 cited 29 instances, and a review of the subsequent literature yields only a few additional cases. It is of interest, therefore, that during the past 4 years in a colony of approximately 500 female rabbits more than 80 such tumors have been found.
Past reports have been limited to the pathological examination of tumors which were first observed at autopsy, and the clinical course has not been described. Attempts to transplant the tumor were made in the majority of the recorded instances but were uniformly unsuccessful. On the other hand, in many of the cases included in the present report, the presence of the tumor was noted during life and the clinical course followed to death or disposal. In addition, transplantation has been successful and growth has been obtained in the 6th series of transfers.
The object of this paper is to record the present high incidence of the tumor and to describe its clinical history, pathology and the results of preliminary transplantation experiments.
Materials and Methods
The material for the present report is based on 83 cases of adenoma and adenocarcinoma of the uterus observed between May, 1934, and December, 1937. In 691 the majority of cases the tumor was detected during life and its presence subsequently confirmed by laparotomy or autopsy. In addition, smaller and microscopic areas of early tumor development were observed during the routine postmortem examination of other animals. 61 of the tumor bearing animals died or were killed at various stages of tumor development, 8 died with metastases and 14 are still under observation. The composition and management of the colony in which the tumors were found has been described in detail elsewhere (2) .
The tumor was transferred to normal animals by the injection of cell emulsions and the transplantation of tissue fragments. Emulsions were made by grinding fresh tumor tissue with 0.85 per cent sterile sodium chloride solution and 0.3 cc. of the mixture was injected at the chosen site. Tissue fragments were selected from active appearing areas of the tumor and transplanted immediately.
Tumor material was transferred to the subcutaneous tissues, muscle, peritoneal cavity, testicle and anterior chamber of the eye. Intraocular transfers were carried out under a local anesthetic. The cornea was punctured at its upper margin with a corneal knife and a small amount of aqueous humor allowed to escape. An extremely small tissue fragment of less than 2 ram. in diameter was then inserted, using forceps with fine serrated points. The best results were obtained when the tissue was forced into the inferior angle of the iris; this was easily accomplished by applying pressure along the corneal surface with a blunt instrument.
Tissues for microscopic examination were fixed in Petrunkevitch's solution and stained with hematoxylin and eosin. Pituitary glands were fixed in HeUy's solution; many were serially sectioned and a variety of stains was used in an attempt to differentiate the various cell types.
Clinical Course
The presence of tumor in the uterus of a living animal is not indicated by specific signs or symptoms, and detection of the growth is dependent upon physical examination. A systematic examination of all animals has been part of the routine conduct of this colony, and the majority of tumors have been detected as they became palpable. It is obvious, however, that the course of the growth is considerably advanced at the time of discovery. The histories of the 83 animals concerned in this report give no indication of the date of beginning neoplasia, but analysis shows that disturbances in reproductive function always precede detection of the tumor and constitute a definite phase of the disorder.
early histories of affected animals were characterized by normal reproductive activity, a pronounced alteration in fertility, litter size and maternal care occurred during the period immediately preceding discovery of the tumor.
Fertility was greatly diminished for 4 to 5 months prior to detection of the growth. In one group containing approximately one-third of the animals, fertility ceased abruptly, but the last gestation period was normal in all respects and terminated in the birth of a litter of usual size which subsequently received good maternal care. In other animals, the percentage of sterile matings was greatly increased, but occasional pregnancies resulted, and in 7 instances matings made within 2 months of tumor detection proved fertile. The litters born to animals of this group were reduced in size, contained many dead young and desertion by the mother was common. The reduction in litter size was frequently abrupt with a diminution to less than one-half of the average number of young; in other instances the reduction was gradual and became more pronounced as the date of tumor detection was approached.
Other abnormalities of gestation were common in animals of this group. There were 3 instances in which whole litters were retained in utero far beyond the limits of normal gestation and 4 instances of abdominal pregnancy. In addition, there were 21 cases in which the products of conception were either aborted or resorbed during the 2nd week of gestation. The usual history in such cases was that pregnancy was diagnosed 10 days after a mating on the basis of uterine nodules resembling pregnancy cysts, but delivery failed to occur at the end of an average gestation period, and subsequent examination revealed an empty uterus.
In general the period of altered reproductive function extended for 4 to 6 months prior to the clinical detection of the tumor. No consistent changes were noted on palpation of the uterus during this period, but in view of the persistent occurrence of reproductive abnormalities, it is reasonable to assume the presence of functional alterations. Moreover, inasmuch as the postmortem discovery of extremely small tumor nodules not palpable during life, was also preceded by long periods of reproductive disturbances, it seems probable that the functional alteration may have been present before the initiation of neoplastic changes.
Period of Growth.--
Detection of the tumor depends on the palpation of uterine nodules which persist and increase in size. The nodules when first noted, approximate the size of 10 day pregnancy cysts. They are frequently multiple and may be present in UTERINE ADENOM-ATA IN THE RABBIT. I both uterine horns. In such cases their distribution also resembles that of pregnancy cysts. The differential diagnosis rests on the firmness, absence of fluctuation and slow growth of the tumor nodules. The rate of growth varies in different animals. The tumors may reach the size of hens' eggs in 6 months, or may remain barely palpable for a similar period. Occasionally, large tumor masses have been found to regress in size, and it is a point of interest that such an occurrence has been repeatedly observed prior to metastasis. In other instances metastasis has occurred without a palpable increase in the size of the primary nodules, which have remained no larger than 1.5 cm. in diameter for more than a year.
In approximately one-quarter of the cases cystic breast changes were noted when the uterine tumor was first detected. The changes were either diffuse or limited to a single breast, and on microscopic examination were similar to those found in chronic cystic disease in man. Subsequently, definite tumors developed in the affected breasts of 3 animals. The growth in one instance was a pure adenoma in type while the tissue changes in the others resembled those of a fibroadenoma. In one of the latter cases the breast tumor progressed more rapidly than the uterine and the animal eventually died with metastases from that growth.
The fertility of tumor bearing animals has been tested in numerous instances and all matings have proved sterile. Sterilityis apparently not due to the obstruction caused by the tumor mass, for repeated matings of animals with small nodules limited to one horn have also been uniformly infertile.
There are no constant manifestations in the general behavior of an animal other than those associated with breeding activity to indicate the presence of tumor. Frequently, during the course of the tumor, animals exhibit signs generally associated with pregnancy. The breasts become engorged, the temperamental changes common to the end of gestation appear and the animals pull fur and build nests. Similar manifestations have been observed in normal animals during pseudopregnancy resulting from a sterile mating, but the animals in question had not been mated for long periods, and it is assumed that an endocrine disturbance was associated with the presence of the tumor.
There is no evidence that the tumors are painful and the uterus may be palpated without apparent tenderness. Bleeding is a rare manifestation and occurs only in late stages. Cachexia does not occur as long as the tumor is confined to the uterus.
Termination.-
Many tumor bearing animals have been killed for pathological examination, but others have been held to determine the ultimate fate of the growth. The clinical course has ended in death with metastases in 8 instances. The duration of the disease in these animals as computed from the date of discovery of the tumor varied from 5 to 20 months and averaged 12 months, but if determined from the beginning of the period of reproductive disturbance, the course varied from 14 to 29 months and averaged 19 months.
The period of observation of other affected animals has not exceeded 9 months, and it is significant that metastasis has occurred in all cases in which the known duration of the tumor has been greater than 1 year.
In 4 instances tumor bearing animals have died of a disorder that was clinically identical with toxemia of pregnancy (3). Postmortem examination revealed lesions typical of that condition, but in all cases the uterus was empty save for the tumor masses, and microscopic examination gave no evidence of the cellular changes characteristic of pregnancy or pseudopregnancy.
Incidence
A detailed analysis of the incidence of the uterine tumor is beyond the scope of this paper, but certain facts are worthy of note in the present connection.
The frequency of cases during the past 6 years is shown in Table I . The abrupt increase in 1936 cannot be attributed to changes in material or methods. The female population has not increased, but has been maintained at a constant level of from 400 to 300 animals throughout the period. Moreover, the composition of the population has not changed and there has been no alteration in the routine conduct of the colony.
Age.--There have been no instances of uterine tumor in animals less than 2 years of age. The tumors have been found during the 3rd year of life in 20 per cent of the cases, during the 4th year in 44 per cent, the 5th year in 25 per cent, the 6th year in 9 per cent and the 7th year in only 1 per cent of cases. The average age of animals at discovery of the tumor has been 45 months.
Parity.--The incidence of the tumor has so far been limited to multiparous animals, but it should be noted that there have been no virgin females and relatively few primiparae over 2 years of age in the colony. Previous to clinical recognition of the disease, the affected animals had borne from 2 to 16 litters over a period varying from 12 to 75 months. The average number of litters was 7 and the average breeding period 38 months.
Breed and Family.--The tumors have been found in animals of Beveren, Dutch, English, Himalayan, Havana, Marten, Polish, Sable, Tan and Rex breed, but not in members of the Belgian, Chinchilla or Silver breeds. Many of the tumor bearing animals were closely related, and instances of the disease in 3 generations of a family are exceedingly common. The frequency of the tumor is highest in the same breeds and lines of animals in which the incidence of toxemia of pregnancy is greatest (4).
Pathology
The tumors arise from the glandular epithelium of the mucous membrane of the uterus and preserve an adenomatous structure throughout their course. The gross and histological characteristics and the changes noted at various stages of growth have been similar in all animals, and there is no question of the identity of the pathological process in different cases.
The Primary Tumor
Tumors of the uterus cannot be detected in living animals until the mass has reached a diameter of approximately 1 cm.,: but routine postmortem examination has revealed the presence of smaller growths in a number of instances. The early growths are usually pedunculated and vary from 0.2 cm. in diameter (Fig. 1) . Extremely small nodular thickenings of the endometrinm have also been found which histologically show the characteristic structure of the tumor (Fig. 2) .
At autopsy of the earliest clinically recognized cases the tumors are polypoid and are usually situated on the mucosal folds adjacent to the mesometrial insertion. They present a smooth glistening surface and are obviously covered by intact lining epithelium. In the majority of cases the tumors are multiple and may be regularly spaced throughout both horns. In such instances the different masses closely approximate each other in size and appearance. Solitary tumors have been found in all parts of the uterus, but occur with the greatest frequency in the segment adjacent to the Fallopian tube. The right and left horns are involved with equal frequency.
Older tumors are usually sessile, but extend deeply into the myometrium and are visible through the peritoneal covering. Occasionally, the preponderance of growth is directed into the uterine lumen, giving rise to sausage shaped masses attached by narrow bases and filling the greater part of one horn. Single tumors may attain a diameter of 4 cm.; the larger masses noted clinically are, as a rule, made up of 3 or more distinct tumors arising from different parts of the uterine circumference and forced into triangular shape by appositional growth.
At this stage tumors may be found in all portions of the mucosa (Fig. 3) , and frequently small nodules occupy a position diametrically opposite larger masses, suggesting an implantation origin. The surfaces of older growths show deep ulcers with irregular edges and necrotic bases, and large areas of necrosis appear on section.
In advanced cases the endometrium and the uterine muscle may be almost entirely replaced by neoplastic nodules. Metastasis is often associated with an extreme degree of necrosis of the intrauterine tumor, and the greater part of the mass may slough and be discharged through the vagina. As a result, clinical examination at this stage shows a marked diminution in the amount of palpable tumor.
The histological structure of the tumor varies in different stages of development, but in general is characterized by an atypical arrangement of glandular elements in a variable stroma.
Early changes which may be interpreted as the beginning of the neoplastic process, have been observed in uteri showing no gross tumor (Fig. 4) . In such cases small groups of atypical alveoli lie directly beneath the surface epithelium in direct continuity with normal appearing endometrium. The alveoli are irregular in size and often show branching processes. The lining epithelium is generally flattened, pale staining and contains scattered mitotic figures. A slight lymphocytic invasion and the formation of new connective tissue cells usually accompanies such changes.
The two grossly different types of tumor noted in early cases show histological variations which suggest differences in growth rate. The pedunculated masses are composed of irregularly scattered atypical alveoli embedded in an abundant myxoid stroma rich in blood vessels (Fig. 5) . Many alveoli are lined by columnar cells arranged in multiple layers, while in others the cells are low and flattened. Occasionally, both types of epithelium are found in different parts of the same gland. Throughout the greater part of the mass, alveoli are separated by large amounts of stroma, but in scattered areas they tend to be collected in more or less compact groups. This tendency is most marked close to the base of growth which rests directly on the uterine musculature.
The nodular endometrial thickenings on the other hand, display characteristics of more active growth (Fig. 6) . Stroma is scanty and the nodule consists for the most part of epithelial elements. The structure is compact and individual alveoli are separated by a minimum of stroma. About the periphery toward the uterine lumen the alvcoli are dilated and lined by a single layer of epithelium, but adjacent to the muscle, coiled branching processes and papillary proliferations are so numerous that they form almost solid cell groups. The underlying muscle is distorted and separated from the tumors by a compressed connective tissue capsule. Growth is apparently expansive rather than invasive at this stage of development.
Clinically palpable tumors usually show extensive invasion of the muscular coat ( Fig. 7) and structural changes indicative of advanced anaplastic growth. Well formed alveoli are present in scattered areas, particularly toward the center of the mass, but in the greater part of the tumor the arrangement of epithelial cells bears little resemblance to normal glandular architecture. Many alveoli are large, dilated and irregular in shape with multiple branching processes. In others, papillary epithelial proliferations tend to obliterate the lumen or interlacing bands of supporting stroma form secondary alveoli.
Active proliferative changes are most marked in the advancing edge of the growth and in isolated intramuscular nodules. In these situations individual cells are irregular in size, but are generally columnar in shape with large vesicular nuclei and occasional mitotic figures. On the other hand, epithelial cells lining alveoli in the peripheral zone toward the uterine lumen tend to be flattened with small hypochromatic nuclei and pale eosinophilic cytoplasm. Both types, however, may be interspersed in any selected area.
More advanced stages are characterized by deep muscular invasion and extension laterally in the endometrium. In some instances, the advancing edge of the growth may appear as a solid sheet or the cells may assume a spindle shape; but in general there is no further dedifferentiation of epithelium and the cells are similar in morphology and arrangement to those described in the previous paragraph. Necrosis is common in the center of the mass and along its free margin. The surface epithelium is usually absent over peripheral necrotic areas and as a result, tumor tissue lies in direct contact with the surrounding endometrium. Sections from the opposing uterine wall often show small areas deeply infiltrated with tumor cells which were presumably implanted from the ulcerated primary growth.
It should be emphasized that in the majority of cases the neoplastic change occurs in multiple foci, giving rise to multiple primary nodules which progress at the same rate and show identical histological changes at different stages of development. Rarely, the various centers of growth remain discrete throughout their course, but usually coalesce by lateral extension, and with deep muscular invasion and growth of secondary nodules, the entire uterus is converted into a mass of tumor tissue.
Metastases
Invasion of vascular walls and rupture into blood vessels is frequently observed in histological sections obtained from tumors in early clinical stages (Fig. 8 ), but metastatic growths have only been found late in the course of the disease and are always associated with extensive necrosis of the primary tumors.
Gross and microscopic metastases have been found in all organs of the abdomen and thorax, in the thyroid gland and in the femoral bone marrow. The peritoneum, pleura and pericardium are commonly involved, and nodules occur frequently in the walls of the stomach and intestine.
In one instance a solitary mass the size of a golf ball was found embedded in the wall of the duodenum, but in other cases metastases have been multiple and widespread. Variations in size and appearance suggestive of considerable age difference are common. As a rule, nodules on serous surfaces are small and miliary in appearance while large necrotic masses are found in parenchymatous organs.
Dissemination also occurred by direct extension of the primary growth into the mesometrium and surrounding structures. The rectum, vagina, bladder and pelvic lymph nodes may be diffusely infiltrated or the growth may appear as isolated nodules in these situations. Further spread anteriorly through the lumbar fat is common, and in one instance the growth extended continuously on both sides from the uterus to the diaphragm with involvement of the mesentery, omentum and all abdominal organs.
Metastatic nodules in general preserve the glandular structure of the primary tumor (Fig. 9) , but occasionally exhibit a more cellular, less organized growth. In some instances the influence of changed UTERINE ADElqOMATA IN THE RABBIT. I environment on tumor structure was particularly prominent. Thus, in one animal, the lung metastases bore a marked resemblance to squamous cell carcinoma while in other locations the arrangement of cells resembled an endothelioma. In another instance, the stroma of metastatic nodules was hyperplastic and suggestive of sarcomatous proliferation.
Changes in Other Organs
Pathological changes rarely found in other conditions have been observed with high frequency in the thyroid and suprarenal glands of tumor bearing animals, but other organs show no consistent alteration.
The suprarenals and thyroid are not altered in the gross, but histological changes are present in all stages of the disease. The greater part of the thyroid is composed of closely packed, small, round acini lined by low cuboidal epithelium (Fig. 10) . Many alveoh contain a small amount of deeply eosinophilic colloid, but in others a lumen is lacking. No normal alveoli are present and the structure closely resembles that characteristic of fetal adenomata in man. In other portions of the gland single alveoli may be widely dilated with the production of macroscopic cyts, while contiguous areas contain smaller irregularly dilated alveoli, many of which intercommunicate through degenerated septal walls. The cystic areas are hned by flattened epithelium and contain pale staining structureless material.
The changes in the suprarenal are most marked at the inner boundary of the zona fasciculata and resemble those observed in toxemia of pregnancy in the rabbit (Fig. 11) . The cells of this area contain large amounts of lipoid-like material and often coalesce to form rounded masses. The entire inner circumference is frequently involved and the process so pronounced that the cortex and medulla are separated by a wide zone of more or less homogeneous pale staining material interspersed with nuclei in various stages of degeneration.
The histological appearance of the hypophysis is not consistent. In many animals, sections of the anterior lobe stained with Mann's hematoxylin and eosin show an increase in non-granular cehs, but whether such cells are chromophobes or depleted chromophile types has not been determined. The intermediate lobe is usually wide and contains an abundance of colloid. Similar colloid material is also found in scattered areas throughout the anterior lobe.
The ovaries may or may not contain corpora lutea, depending upon recent mating history. There has been no evidence of spontaneous production of corpora lutea in any of the animals examined. When corpora lutca are present, however, there are associated changes in the uterus of a decidual nature, such as glycogen cells of the endometrium, and also syncyctial epithelial giant cells. Minot's monster cells have also been observed in a number of such cases and they are probably remnants of fetal elements following spontaneous abortions. Changes in the endometrium preceding or associated with the development of these tumors appear to inhibit proper development of the fetus, leading either to abortion, or fetal resorption. Abortion is difficult to detect in the rabbit.
Transplantation
Autotransplantation.--Tumor tissue obtained from the uterus by biopsy has been transferred to the subcutaneous tissues of various parts of the body in numerous instances and growth has occurred in all cases. The resulting tumors grow to a large size and may invade underlying muscle, but extension to the skin has not been noted. Histologically, the epithelial elements of the transplant are similar to those of the primary tumor, but in many instances the stroma is hyperplastic and contains areas suggestive of sarcomatous proliferation.
Homotransplantation.--Various methods of transplantation have
been employed in an attempt to transfer the tumor from affected to normal animals. Intratesticular, subcutaneous, intramuscular and intraperitoneal inoculations have not been successful. Transplantation into the anterior chamber of the eye has given positive results, however, and intratesticular inoculation has been successfully carried out with tissue derived from an eye transplant following the 5th serial transfer. 1 Intraocular growth has been obtained both from the injection of cell emulsions and from the transplantation of tissue fragments. Transfer of the spontaneous tumor by means of cellular emulsions has been successful in one out of four attempts, while the use of tissue fragments has resulted in 50 per cent of takes in the same number of trials.
Successful transplantation has been effected by using tissue derived from primary uterine tumors as well as from metastatic growths. The transfer of growing tissue from tumors entirely confined to the uterus has been accomplished in only one out of five trials. In this single instance, the transplanted fragment persisted without appreciable change for a period of 4 months. Slow growth was noted during 1 Heterotransplantation experiments are in progress, and to the present time progressive growth of the transplant has been obtained in the eye of the guinea pig, using tumor material derived from the 6th serial eye transfer in the rabbit.
the following 3 months and the nodule increased to approximately 0.25 cm. in diameter. Thereafter, the tumor decreased in size and 9 months after transplantation, had completely regressed.
On the other hand, progressive growth followed the transplantation of tissue derived from the primary tumors of 2 animals that showed widespread metastases. The incubation period in both instances was less than 2 months in duration and the fragments grew to large size. Portions of the fragments were later removed and transplanted into the eyes of other animals. Active growth resulted, and in one instance the tumor was successfully transferred for 3 generations by serial transplantation.
The single attempt to transplant a metastatic nodule was also successful, and at the present time this tumor has been carried through 6 generations of transfers. Growth was apparent in the majority of animals 1 month from the date of the first transplantation, but in subsequent generations the period of incubation decreased and takes could be recognized 2 weeks after the 6th transfer. The proportion of successful transplants increased in each generation, and the 6th transfer resulted in 100 per cent of takes.
The sequence of events in the transplanted tissue can be easily followed, particularly in the unpigmented eyes of albino and Himalayan animals (Fig. 12) . Usually, the first sign of growth is a slight reddening of the tissue, and frequently a thin web-like membrane may be seen growing from its periphery. Unsuccessful transplants are opaque and greyish white in color. The time of vascularization is variable and is apparently dependent upon the position of the transplant with relation to the angle of the iris. The growth rate is increased after vascularization, and in less than a month the anterior chamber may be completely obliterated by rapidly growing tumor tissue.
Following the 4th and subsequent transfers, it was noted that growth frequently occurred in multiple loci in a line between the corneal incision and the transplanted fragment, appearing first as pin point milky spots which gradually increased in size and eventually coalesced to form a nodule as large as that of the tumor fragment. It is assumed that the accessory growths arise from cells or minute tissue fragments dislocated from the original graft during its passage through the anterior chamber. Histologically, the transplants at this stage show an increased cellularity and a less organized structure which may account for the greater fragility (Figs. 13 and 14) .
There has been no evidence that the frequency of takes in the first transplantation is influenced by the degree of relationship be-tween tumor bearing animals and animals used for transfer. Moreover, although relatively few animals have been tested, there has been no indication that the susceptibility to transplantation varies with breed or genetic constitution. In early transfers the proportion of takes and the rate of growth was greater in females than in males, but in later transfers no difference was noted.
The length of the period of observation has not been adequate for determination of the eventual fate of the transplanted tumor. Metastasis has not occurred, but none of the transplanted growths have been under observation for a period of time equivalent to the duration of the course of spontaneous tumors before metastasis. In 2 instances the tumor has completely regressed after filling the greater part of the anterior chamber, but in other animals the growth has invaded the cornea and extended deep into the eye.
A portion of the growing tumor has been removed, in many cases, and transferred elsewhere in the body or transplanted to different sites in other animals. After operation there is usually a sudden increase in the growth rate of the remaining intraocular tumor, but surgical interference is occasionally followed by complete regression of the growth. To date reinoculation of the tumor has resulted in 2 subcutaneous growths, and transfer to the testicle of a different animal by means of cellular emulsions has been successful in 3 instances. Serial intratesticular inoculation with tumor material from the testicle of one of these animals has been carried to the 3rd generation at the present time (Figs. 15, 16 and 17 ).
DISCUSSION
The frequent occurrence of an adenomatous endometrial tumor in a colony of rabbits has afforded an unusual opportunity for the detailed study of many cases. The uniformity of essential characteristics displayed in different animals establishes the tumor as a distinct pathological entity, and a consideration of its salient features suggests a close analogy with adenocarcinomata of the corpus uteri in women.
The similarity of the clinical course and histological appearance of the two tumors is outstanding. Both tumors arise from the glandular epithelium of the uterine mucosa and are characterized by an atypical alveolar structure. A multicentric origin is usual in the rabbit and probably also occurs in the more common diffuse variety of adenocarcinoma in women. The tendency toward early muscular invasion and late extrauterine extension shown by the human tumor is paralleled in the rabbit, and an eventual termination with metastases or diffuse local spread is common to both species.
Many animal tumors display special characteristics and analogous counterparts do not occur in human pathology. The high incidence of this tumor and the ability to transplant the growth are, therefore, of importance, not only as an additional source of material for investigation of the general problems of neoplasia, but also as they supply a means for experimental study of a particular type of growth that has its counterpart in a relatively common carcinoma of women.
The sudden increase in the incidence of cases of uterine tumor that occurred in 1936 is suggestive of an epidemic phase of an infectious disease. It should be pointed out, however, that the recent abrupt increase in the incidence of toxemia of pregnancy also simulated an epidemic (4), and epidemic-like outbreaks of other non-infectious disorders have been repeatedly observed in the colony in question. Filtration experiments have not been performed, but the absence of any sign of bacterial infection indicates that if the disease is of infectious origin, the agent is probably a filterable virus. However, there has been no evidence of contagion. Cases of the tumor are distributed irregularly throughout the colony and the incidence is not increased in the vicinity of affected animals.
The constant occurrence of multiple lesions in tumor bearing animals is evidence of a systemic disturbance. The disease is not confined to the uterus, and the presence of tumor in this organ is apparently only a local manifestation of a constitutional disorder. The suprarenal and thyroid glands show distinctive changes even in the earliest stages of tumor development. The hypophysis is also altered and the mammary glands frequently show productive changes.
Alterations of the suprarenal identical with those found in tumor bearing animals have been noted in mice after treatment with estrogenic substances (5), and there have been numerous reports of comparable breast changes following similar treatment. Moreover, a degranulation of chromophiles and an increase in the number of chromophobes have been found in the hypophyses of rats (6) and mice (7) after the continued administration of estrone, and similar changes were noted in the hypophyses of a number of tumor bearing animals. In addition, in one reported case a mouse subjected to this treatment showed an adenoma of the thyroid, together with alterations in the suprarenal, hypophysis and breast (8) .
The same organs affected in mice treated with estrone are altered in tumor bearing rabbits. Moreover, the pathologicM changes are similar in the two animals. Such conformity indicates that the exciting agent may be of a like nature in both instances, and in view of the known carcinogenetic action of estrone, it is not unreasonable to suggest that the tumors may also arise on the same basis and represent a natural analogue to the experimental production of neoplasia with this substance.
More direct evidence in regard to the status of estrone in tumor bearing animals is being sought, and while biological assay of tumor material has so far been made in only a single case, the results were positive in this instance and showed the presence of estrogenic substances.
The clinical histories of tumor bearing animals are characterized by long periods of infertility and reproductive abnormality which antedate the discovery of tumor and suggest a long continued endocrine disturbance. In many cases no uterine abnormality was found to account for the reproductive disorders, but in other instances cystic and hypertrophic endometrial changes accompanied the tumors at an early state and they may have been present for a longer period. Similar alterations of the mucosa have been repeatedly observed in experimental animals following the administration of estrone, and occur naturally in conditions associated with an abnormal production of estrogenic substances.
It is difficult to account for the recent high incidence of the tumor, particularly if it is of endogenous origin and based on an endocrine abnormality. The sudden increase of cases began simultaneously with an outbreak of toxemia of pregnancy; the highest incidence of both disorders is found in the same breeds and genetic lines, and occasionally tumor bearing animals die with the characteristic lesions of toxemia. Clinical and pathological investigations indicate that toxemia of pregnancy is also of endocrine origin, and while the two disorders are probably related, the relationship has not as yet been clarified and at the present time there is no satisfactory explanation for the "epidemic" occurrence.
A point of interest in regard to metastasis of the tumor should be emphasized. It was noted that invasion of vascular walls and rupture into blood vessels occurred during early stages of growth, but that metastasis was delayed until late in the course of the tumor, usually after the lapse of a year or more. It must be assumed that tumor cells enter the blood stream following the early rupture of vessel walls and either perish or fail to proliferate in distant parts. Microscopically, the appearance and arrangement of the cells of the primary growth at the time of metastasis are not greatly altered and show no more anaplastic tendencies than were observed at earlier periods. The opportunity for dissemination of cells is present long before metastasis actually occurs, and the successful transplantation of tissue from both metastasizing and non-metastasizing tumors to the anterior chamber of the eye is evidence that the ability to proliferate in a changed environment is not limited to the cells of the former growth. It seems improbable, therefore, that the production of metastatic growths is dependent solely upon the release of neoplastic cells into the blood stream.
A detailed examination of the tissues of animals following metastasis shows no consistent alteration from their previous condition. The only constant finding that differentiates non-metastasizing from metastasizing tumors is the presence of large areas of necrosis in the latter. This finding assumes significance when considered in connection with experiments performed in this laboratory (9) . Casey, working with the Brown-Pearce tumor showed that necrotic tumor material possessed an enhancing principle and that the absorption of this material resulted in an increase in tumor growth and in the frequency and number of metastases. It is well recognized in human pathology that necrotic areas frequently occur in malignant tumors, but it is generally assumed that they result from the failure of stroma and blood supply to keep up with the rapidly increasing epithelial growth, and thus follow rather than precede malignancy. In the present instance, however, it is certain that necrosis precedes metastasis, and it is not improbable that the absorption of necrotic tumor material plays an important part in the subsequent history. The clinical histories of tumor bearing animals are similar in all cases. Discovery of the tumor is preceded by a long period of reproductive disturbance, and its subsequent course is one of slow, continuous growth which has terminated in death with metastasis in all animals held under observation for longer than 1 year.
Microscopically, the tumor shows an atypical alveolar structure, and its characteristics closely resemble those of an adenocarcinoma of the uterine fundus in women. Pathological changes similar to those observed in mice after treatment with estrogenic substances occur in the thyroid, suprarenal, pituitary and mammary glands.
Intraocular transplantation of the tumor has been successful, and at the present time the growth has been carried through 6 generations by serial transfer. 
